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Abstract 
Debris flows represent a natural hazard in mountainous terrain around the world. Numerous catastrophic events have 
-
tances, may also result in loss 
of life. This paper presents and discusses about the debris particles routing segregation characteristics near the erodible 
bed at 25º slope angle. The particle movement was visually analyzed by using high speed video camera (HSVC) to 
capture the movement characteristics of the individual particle grain. The footage of particle routing characteristics can be 
used as a proof for further investigation study. Large boulders running at the front carry enormous amount of energy so 
that debris is quite hazardous in terms of destructive power and the size of disaster area. The resulting destruction of 
debris flow characterized first by massive impact force of the front and second, the burying capacity of valuable land, 
assets and infrastructures.  
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1. Introduction 
Debris flows usually comprise a mixture of fine (clay, silt and sand) and coarse (gravel, cobbles and 
boulders) materials with a variable quantity of water. Many researchers have their ways to give the definition 
of the debris flow. Even though, the definitions may not be the same from one to another. Each of researchers 
presented the various characteristics and background of debris flow. By definition given by VanDine [1] the 
debris flow is defined as a mass movement that involves water-charged, predominantly coarse-grained 
inorganic material flowing rapidly down a steep, confined and preexisting channel. Honda and Egashira [2] 
described debris flow as a large quantity of rock and soil are delivered to steep channel in drainage area where 
landslides and slope failures are very active. These channels become charged with sediment. Such sediment is 
eroded and transported as a mud flood, mud flow or debris flow. 
The debris flow usually moves intermittently. When the forefront is stopped by the obstruction, the rest of 
it will be bulged as a result of inertia. Then the forefront will be force to flow again as higher pressure [3]. If 
velocity of the surface of the debris flow is faster than the average velocity, it means that the debris flow is 
characterized by its fast velocity in the surface but slow in the bottom [4][5]. In principal a debris flow starts 
within an initiation zone, evolving down along the transition zone and accumulates the transported material in 
the deposition zone, which often equals to the fan area. This topic has been discussed by many researchers 
such as VanDine [1], Jan [6] and Takahashi [7]. Debris flow apparently flow straight and uneasy to detour or 
change it direction. It is also potentially very destructive as they cause significant erosion of the substrates 
over which they flow, thereby increasing their material content charge and further increasing their erosive 
capabilities.  
This paper discusses about particle routing segregation mechanism processes near the erodible bed 
(upstream) at 25° of slope angle. This paper consists of few topics and it starts with presentation of the 
experimental setup which includes particle routing movements, high speed video camera (HSVC) and camera 
setting. Detail about debris particle characteristics study will be explained. Furthermore, results and 
discussions will be explained in detail before the conclusion can be made. 
2. Experimental setup 
Experimental setup of the debris flow physical model was carried out at the Ujigawa Open Laboratory, 
Kyoto University. This laboratory provided complete facilities to operate our study in good condition.  The 
model consists of three main parts which are rectangular flume, deposition board and water intake tank. Fig 1 
shows the debris flow experimental model. At the top end there is water intake tank (storage container) with 
1m long, 0.8m width and 0.7m height can be filled up to 0.56m3 of water. It is equipped with a gate that can 
be opened instantaneously by a gate controller. The gate is located at the bottom of the intake tank as a 
function to supply water through the rectangular flume. The debris flow rectangular flume dimensions were 
0.2m width, 0.2m depth and with 5m effective flow length. The flume is supported with a moveable prop, 
which could be moved back and forth to adjust the flume slope ranging from 5° to 33°. Sands 3mm were 
glued to the bottom of the flume, as a roughness element. Rectangular flume with transparent sidewall closely 
connected the downstream end of the deposition board. This transparent sidewall is very useful during 
observation and image captured by a high speed video camera (HSVC). The debris flow deposition board 
with at each side 2m long was divided into grid. The gridding system is different depend on the deposition 
area. In the middle of the deposition board, the grid size was smaller than other part because in this area the 
concentration of the materials is higher. The board was designed as an experimental device, so that its slope 
could be adjusted as one wanted. The board and flume were smoothly connected at one end and at the other 
end is located materials collection sump. The deposition board slope varied from 0° to 7°. This board was also 
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been covered by gravels 3mm in diameter as a roughness element at the bottom of the deposition board. 
Laboratory experiment is conducted at 25° slope angle. The debris was placed 3.5m from the bottom of the 
rectangular flume. The detail of debris load in the rectangular flume is shown in Fig 2. Black dotted circle 
shown the HSVC image captured zone near the erodible bed. The debris was well mixed up between small 
and big materials. For each case, at least three time of experiment had been made to understand the stony 
particle distribution and movements.  After a flume and board were set to the prescribed slopes, a constant 
discharge was supplied from the upstream end of the channel through an electromagnetic valve (gate). A 
constant discharge (3.0L/s) is supplied within 7s [8].    
During water supply, high speed video camera (HSVC) will recorded the image of particle routing near the 
upstream of the rectangular flume. The HSVC can capture a video footage during short intervals time (0-9s). 
Video recording of the experiments are performed to analyzed debris flow characteristics and captured the 
formation of debris flow deposition process. The diagram of experimental procedure is shown in Fig 3. 
 
Fig. 1. Debris flow experimental model 
 
Fig. 2. Details of debris load in the rectangular flume 
Rectangular 
flume 
Water tank 
Deposition 
board 
10cm 
60cm 
81cm 
Flow 
530   Yosuke Yamashiki et al. /  APCBEE Procedia  5 ( 2013 )  527 – 534 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Diagram of experimental procedure 
2.1. Particle routing movements 
In order to investigate the debris flow characteristics routing mechanism, HSVC was used to capture the 
image. By looking throughout the image movements between larger and small particles, the development 
mechanism of debris flow can be more understand. The images of particle tracing were captured between 
0.09s. The distance of particle movements were identified. By knowing the distance of each particle 
distribution, the velocity of each particle can be calculated. 
2.1.1. HSVC and camera setting 
To obtain a very clear and quality image of fast moving particle, a HSVC was used. Three groups of time 
frame were carried out to understand the particle characteristics mechanism. The groups are (a) initial, 1s (b) 
intermediate, 3s and (c) last, 5s. One set of camcorder with ability of 24Mbps high bit rate were used. The 
advantages of this model are advanced image stabilizer and it can be zooming until 40 times. It is useful 
especially during post deposition analysis. We can clearly view the accurate image and very clear particle 
path movements [9]. 
3. Results and discussions 
3.1. Particle routing movements at the erodible bed (upstream) 
The supply of steady water flow onto a steep (25°) uniformly deposited sediment bed produces a steady 
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progress debris flow. The mechanism for this was discussed in this section. These experiments use nearly 
uniform materials so that there is no accumulation of larger particles towards the front and even the forefront 
the void between particles is saturated by water.  The images of particle tracing were captured between 0.06s. 
Three groups of images had been classified such as initial (1s), intermediate (3s) and last (5s). The time in 
bracket indicated the image captured just after the water gate was opened. The distance of particle movements 
were identified therefore the velocities of particle routing can be calculated. The red dotted lines show the 
original erodible bed surface.   
Figs 4 to 6 show particle tracing captured by HSVC for initial (1s), intermediate (3s) and last (5s), at the 
erodible bed. The total of 20 particles from each case was randomly chosen. Tracing positions of 10mm and 
2.5mm particles are represented by black and white color shapes respectively. Only a few particles 
segregation are selected and shown in figures below. From Fig 4, we can observe the particles characteristic 
movements of collision process due to erosion process made by the flow. When the water is suddenly 
supplied from the upstream on erodible bed, in the flowing layer of such a debris flow, the larger particles 
move upward. The velocity in the upper layer is faster than in the lower layer. The particles that are moved 
upward are also transported ahead faster than the progressive velocity. The particles for initial (1s) case move 
slower compared to intermediate (3s) and last (5s) cases due to the water flow is not strong enough because it 
just supplied. The collision process between each particle that contacted with each other was also the factor of 
slow movements. Big particle move faster at this moment (initial case) compared to the small particles. This 
is the reason why big particles were only captured during this time. The difference in velocity between the 
fastest and the slowest particles can be seen represented by circle and diamond shape respectively. The fastest 
velocity is 0.15cm/ms while the slowest is 0.064cm/ms. The longest travel distance for this case is 28.7cm 
(star shape) and the shortest travel distance is 9.2cm (diamond shape). The average velocity for this case is 
0.096cm/ms. This value is the slowest average velocity compared with intermediate (3s) and last (5s) cases.  
For intermediate (3s) case, the average velocities of big and small particle are 0.161cm/ms and 
0.149cm/ms respectively. Big particles average velocity was a bit higher compared to small particles. The 
difference in velocity is 0.012cm/ms between two particle sizes. In Fig 5 we can see that the longest travel 
distance for big particles is 49.5cm and the shortest travel distance is 37.5cm. While the longest travel 
distance for small particles is 49.9cm and the shortest travel distance is 3.85cm. Majority of the particles 
moves from below to the upper part of the erodible bed line. Just after they passed the erodible bed area 
majority of big particles move near the upper part of the flow, in contrast phenomenon happen to the small 
particles. Majority of small particles move to the lower part of the flow. The forefront of debris flow travels 
down with a constant translation velocity. The velocity near the surface is larger than the velocity near the 
bottom. The particles transported near the surface gradually move to the forefront and finally arriving at the 
forefront they fall down onto the bed. 
 
Fig. 4. Particle tracing captured by HSVC for initial (1s) case.  
upstream downstream 
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Table 1. Velocities of each particle calculated from the travel distance for initial (1s) case 
Initial (1s) 
Shape Distance (cm) Velocity (cm/ms) Big Big 
 25.7 0.11 
 17.7 0.059 
 23.7 0.079 
 9.2 0.031 
 28.7 0.096 
 17.6 0.059 
 
 
Fig. 5. Particle tracing captured by HSVC for intermediate (3s) case. 
Table 2. Velocities of each particle calculated from the travel distance for intermediate (3s) case. 
Intermediate (3s) 
Shape Distance (cm) Velocity (cm/ms) Big Small Big Small 
 47.8 49.9 0.16 0.14 
 49.2 38.8 0.14 0.11 
 46.3 47.5 0.19 0.20 
 49.5 - 0.17 - 
 37.5 - 0.13 - 
In last (5s) case, average velocities of small particles are moved 0.018cm/ms faster than big particles. Same 
phenomena can be seen in this case as previous case for particles segregation characteristics between small 
and big particles. Fig 6 shows particle tracing captured by HSVC for last (5s) case, at the erodible bed. As 
stated previously, bigger particles accumulated at the front part of stony debris flow. Besides that, Most of 
bigger particles move at the upper part while the small particles move at the down part. This theory is based 
on Bagnold s semi-empirical dispersive force equation. But similar results will be obtained based on 
Takahashi and Tsujimoto [10] theoretical equation. The solids concentration distribution exists in the flowing 
upstream downstream 
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layer and the velocity distribution at the lower part is convex upwards making the dispersive pressure due to 
particle collision small, thereby the accumulation of large particles at forefront will be little delayed.    
In a rapid flow, the distance between the particles is large and particles frequently collide with each other. 
In the case of debris flow, the void space between particles filled by water. Especially for the type in which 
particle stresses predominant, the dynamic stresses in the flow can be approximately written as the sum of the 
particle collision stresses and the fluid stresses in the interstitial fluid. In which, the interaction between the 
particles and the fluid is neglected [10]. Each particle in rapid flow moves freely and independently and the 
velocity can be decomposed into the sum of the mean velocity and fluctuation velocity. When two particles 
collide, their resultant velocities will depend not only on their initial velocities, but also on the angle in which 
the two particles collide. The surface friction at the point of contact will contain random velocity components. 
The random velocities generated in this mode will proportional to the relative velocities of the particles at the 
time of impact and also must be proportional to the mean velocity gradient within the flow [11]. 
 
Fig. 6. Particle tracing captured by HSVC for last (5s) case. 
Table 3. Velocities of each particle calculated from the travel distance for last (5s) case 
Last (5s) 
Shape 
Distance (cm) Velocity (cm/ms) 
Big Small Big Small 
 45.8 32.4 0.15 0.14 
 33.3 36.4 0.093 0.15 
 51.7 33.9 0.14 0.094 
 22.7 - 0.076 - 
4. Conclusions 
Large boulders in general, run at the front of debris flows looking like an overwhelming wall of water thus 
nothing but a massive concrete structure can stop them. Large boulders running at the front carry enormous 
amount of energy so that debris is quite hazardous in terms of destructive power and the size of disaster area. 
The resulting destruction of debris flow characterized first by massive impact force of the front and second, 
upstream downstream 
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the burying capacity of valuable land, assets and infrastructures. Estimation the potential boulders impact 
force from a debris flow is important for design of structural mitigation elements. The estimation of boulders 
impact forces are most sensitive to the inputs of particle size and particle velocity.  
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